Primary disorders of tendons are common and constitute a high proportion of referrals to rheumatologists. Certain tendons are particularly vulnerable to degenerative pathology; these include the Achilles, patella, elements of the rotator cuff, forearm extensors, biceps brachi and tibialis posterior tendons. Disorders of these tendons are often chronic and can be difficult to manage successfully in the long term.
Primary disorders of tendons (tendinopathies) are common. Although there are no accurate figures specifically relating to tendon disorders, soft tissues problems in general comprise up to 43% of new rheumatology patient referrals [1] .
Studies from primary care show that 16% of the general population suffer with shoulder pain [2] . This rises to 21% in elderly hospital and community populations [3, 4] . Rotator cuff disease was the most common cause of shoulder pain found in the latter two studies.
The prevalence of Achilles tendinopathy in runners has been estimated at 11% [5] . However, they are by no means only linked to sport; in one series of 58 patients nearly one-third did not participate in vigorous activity [6] . Achilles tendon disorders can be difficult to manage successfully in the longer term, with up to 29% requiring surgery [7] , and historically there has been a lack of agreement on management due to insufficient outcome data [8] .
Tendinopathy of the forearm extensor tendons affects 1-2% of the population, most commonly occurring in the fourth and fifth decades of life. The majority of these injuries (80%) is essentially chronic, repetitive type conditions that are prone to recur [9] . Commonly involved tendons are detailed in Table 1 .
Pathology

Aprimarily degenerative condition in established cases
Historically the term tendinitis has been used to describe chronic pain relating to a symptomatic tendon. Its use is deeply ingrained in the literature and implies that inflammation is central to the pathological process. However, opinion has moved away from this theory.
Histological studies of surgical specimens of chronic tendinopathy consistently show either absent or minimal inflammation. The predominant lesion is one of degenerative change. This is seen in, for example, the Achilles [10, 11] , rotator cuff [12] , patella [13] and extensor carpi radialis brevis (tennis elbow) [14] . Importantly tendinopathy is not necessarily symptomatic [15] .
The macroscopic appearance is of a disorganized tissue, which is soft and yellow or brown in colour (mucoid degeneration). There is loss of the tightly bundled collagen appearance [14, 16] . Microscopically there is degenerative change to the collagen with accompanying fibrosis [17] [18] [19] . Typical histopathological changes are shown in Fig. 1 .
Additionally neovascularization is consistently identified both in histology [17, 20] and with the use of powered Doppler ultrasound (US) in vivo [21, 22] . This neovascularization is reminiscent of that seen in both rheumatoid arthritis and osteoarthritis [23] [24] [25] .
More recent evidence from Alfredson et al. [26] lends additional weight to the degenerative argument. They performed microdialysis of chronically involved (intact) Achilles tendons and were unable to demonstrate the presence of the inflammatory mediator prostaglandin E2. Alternatively, tendon degeneration may be secondary to failure of regulation of specific matrix metalloproteinase (MMP) activities in response to repeated injury [27] .
However, most of the histopathological evidence is derived from samples at the point where surgical intervention is necessary, i.e. in chronic cases. It is therefore still possible that inflammation is involved at the initiation of the degenerative process.
Is acute inflammation involved at the start of the injury?
There is a lack of good quality histological data from symptomatic tendon disorders of short duration. Two studies, one of the Achilles tendon and one of the patella tendon, included patients with symptoms of only 4 months' duration [28, 29] . Both studies showed a lack of an inflammatory infiltrate but the number of patients with symptoms of such short duration was very small.
Certainly, in vitro studies have demonstrated that mechanical loading of human tendon fibroblasts increases production of both prostaglandin E2 (PGE2) [30, 31] and leucotriene B4 (LTB4) [32] and that these mediators may contribute to degenerative tendon change [33] . However, the onset of symptoms does not necessarily coincide with onset of pathology. With advances in imaging these degenerative changes are being recognized in asymptomatic active populations [34, 35] . It is therefore possible that in the early symptomatic cases the pathological process may have been present for much longer. A schematic representation of the disease process is shown in Fig. 2 .
What do animal models tell us about early pathology?
One way around the lack of human histopathology in early tendon disease is to look at evidence from experimentally induced tendon damage.
The evidence from two different rat models [36, 37] suggests a degenerative and not an inflammatory process. In rabbit models pathology appears to be related to experimental protocol. In very acute protocols (6 h after a single exercise session) an There is a combination of anti-gravity and non-anti-gravity tendons. Some tendons are high load (such as the Achilles and patella) whilst some are subject to smaller loads (such as the forearm extensor and supraspinatus).
inflammatory cell infiltrate is demonstrated within the Achilles tendon [38] . However, a more chronic loading programme (over 11 weeks) failed to show any detectable injury response [39] .
The most detailed animal work on tendinopathy induced by overuse has probably been performed in horses, and on the equine superficial digital flexor tendon in particular. Marr and co-workers describe an inflammatory reaction, but only within the first 2 weeks [40] .
In an attempt to produce an animal model of tendinopathy, both collagenase and prostaglandin E1 have been injected into tendons [41] [42] [43] [44] . Both substances produce a tendinopathy that is similar to the histopathological appearance in humans. Such models have, however, been criticized as they do not directly simulate the overuse process [45] .
In summary the limited early human histology suggests no significant inflammatory role at 4 months. Animal models suggest that an inflammatory reaction is present in acute situations but that a degenerative process soon supersedes this.
Terminology
There is confusion within the literature. Numerous terms are used to describe the pathology of tendons, the most common of which are tendinitis (implying inflammation), tendinosis (a degenerative tendon condition without accompanying inflammation) and tendinopathy (no implication for pathology). These terms are often used interchangeably and without precision [46] .
Puddu et al. [47] proposed the term tendinosis as a histological description of a degenerative pathology with a lack of inflammatory change, and this has widespread support [48] . In the clinical setting, however, it may be more appropriate to refer to a symptomatic primary tendon disorder as a tendinopathy as this makes no assumption as to the underlying pathological process. Tendinitis, however, is not an appropriate term for such a condition.
Aetiology of tendinopathy
Historically there have been two main theories on the causes of tendon degeneration and subsequent rupture, one a mechanical theory the other a vascular theory. More recently a neural theory has begun to develop.
The mechanical theory
In the mechanical theory it is argued that repeated loading within the normal physiological stress range of a tendon causes fatigue and eventually leads to tendon failure.
At rest a tendon has a crimped or wavelike structure. As the tendon is loaded it passes through two stretch regions. The first (known as a toe stretch region) is due to the stretching out of this crimped structure. Only a small amount of force is required to straighten out the crimp [49] . If stretching is continued past the toe region then the tendon enters a linear relationship between load and strain (Fig. 3) . Here the load is directly taken up by the collagen fibrils and the stress-strain values are thus determined directly by the physiological properties of the collagen fibrils. Tendons divide into those that experience low strains and those that experience higher strains. The latter are usually loaded during locomotion and as part of their role function as significant elastic energy stores. Historically strain (stretch) values of up to 4% have been regarded as physiological in nature [49, 50] although more recent work has suggested that strain values of 6% and even up to 8% may be physiological [51] [52] [53] [54] .
Within the physiological range, particularly towards the higher range, microscopic degeneration within the tendon may start to occur, especially with repeated and/or prolonged stressing. This can eventually lead to a symptomatic tendon with altered mechanical properties as a result of repeated microtrauma [49, [55] [56] [57] .
This theory explains how chronic repetitive damage to tendons could accumulate over time and perhaps why tendinopathy would be degenerative rather than inflammatory in nature. The increased incidence of tendinopathy with age and in the active population is consistent with this theory.
However, this theory does not fully explain why certain areas of particular tendons are particularly prone to degenerative change, neither does it explain the pain sometimes associated with chronic tendinopathy. Also it is somewhat counterintuitive that exercise well within a physiological range should actually harm that tendon. Perhaps, however, accumulated microdamage in a tendon is analogous to the same process that results in a stress fracture. A fracture, though, has the potential for a very good recovery as increased osteoblastic activity followed by osteoclastic remodelling can give an excellent result. A damaged tendon, however, is subject to fibroplasia, which will result in scar tissue formation and a weakened tendon.
The vascular theory
Tendons are metabolically active tissues requiring a vascular supply. Compromise of this supply may cause degeneration. It is argued that certain tendons are susceptible to vascular compromise [58] ; these include the supraspinatus [59] , the Achilles [60] and the tibialis posterior [61] .
Taking the Achilles tendon as an example, there is evidence to support a hypovascular region in the mid tendon area, roughly between 2 and 6 cm proximal to the calcaneal insertion [62] . This is the area most susceptible to both degenerative change and neovascularization. Additionally vascular compromise may be worse during exercise [63] .
However, this theory remains controversial. Å strom and Westlin suggested that there was uniform blood flow in the Achilles with the exception of its distal insertion [64] . Also why would a young athletic population be susceptible to vascular compromise? Certain vigorous exercise regimens such as eccentric loading (explained below) actually lead to a normalization of structure [65] . Furthermore there is the possibility that exerciseinduced localized hyperthermia may be detrimental to tendon cell survival rather than vascular compromise [66, 67] . 
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The neural theory
More recently a possible neural aetiology for tendinopathy has been explored. This has been based on a number of separate observations:
(i) The fact that tendons are innervated [68] [69] [70] .
(ii) The close association within tendons of nerve cell endings and mast cells. This raises the possibility of neurally mediated mast cell degranulation and release of mediators such as substance P (a nociceptive neurotransmitter) and calcitonin gene related peptide [69] . Chronic tendon overuse could, therefore, lead to excessive neural stimulation and result in mast cell degranulation. (iii) That increased levels of substance P have been found in rotator cuff tendinopathy [71] . (iv) The fact that substance P has been implicated as a proinflammatory mediator [72] . (v) The finding of glutamate, a neurotransmitter, within the ultradialysate in Achilles tendinopathy [73] . (vi) An association between radiculopathy and tendon disorders.
Maffulli et al. [74] found an association between Achilles tendinopathy requiring surgery and sciatica in a study using peer-nominated controls.
As yet the full significance of these observations is yet to be determined. More evidence is required to develop a neural theory for degenerative tendon disorders.
Further thinking on aetiology
In practice the aetiology of tendinopathy is likely to be the result of a combination of the above three theories (Table 2) , although further possibilities are being explored. These include the possibility that tendinopathy results from a 'failure of healing' [75] or even, for lesions of the enthesis, that 'underuse' rather than 'overuse' is responsible [76] . Any successful theory would also have to explain the cause of pain in tendinopathy. It is uncertain at present where the pain in tendinopathy arises from, but certainly tendinopathy is only sometimes painful. A biomechanical hypothesis for the pain has been postulated [77] but this theory is yet to be validated.
Intrinsic and extrinsic factors. When considering the aetiology of tendinopathy both intrinsic and extrinsic factors must be taken into consideration, as they may be crucial for both the initiation and propagation of an injury.
Common intrinsic factors that can influence tendon pathology include age, gender, biomechanics and the presence or absence of systemic diseases either inherited (such as Marfan's or Ehlers-Danlos syndromes) or acquired (such as rheumatoid arthritis or diabetes mellitus). Control over intrinsic factors is often very limited, although some intrinsic factors may be modified (for example by improving glycaemic control in diabetes or by the use of orthotics to alter lower limb biomechanics).
Common extrinsic factors include physical load on a tendon (load and frequency), the environment (e.g. equipment, the working environment, footwear) and occupation. Additionally it is important to recognize a training error (a rapid, not gradual, increase in workload that does not allow any adaptation of the tendon over time) as a possible trigger for a tendon injury.
Genetic factors. It has been reported in some studies that there is an increased incidence of blood group O in patients with tendon injuries, particularly Achilles tendon injuries [78, 79] . These results suggest a genetic linkage between the ABO blood group and the molecular structure of tendons.
Indeed recent studies have revealed the alpha 1 type V collagen (COL5A1) gene, which encodes for a structural protein found in tendons, and the guanine-thymine dinucleotide repeat polymorphism within the tenascin-C gene, are both associated with chronic Achilles tendinopathy [80, 81] .
Calcific tendinopathy. Calcific tendinopathy (often referred to as calcific tendinitis), a common finding on X-ray and US examination, may be symptomatic although it is commonly an incidental finding. A common site to be affected is the supraspinatus tendon, although reliable figures on incidence and prevalence are difficult to obtain. Various theories have been proposed to explain the pathogenesis of calcific tendinopathy. Calcification secondary to tendon degeneration [82] or chondrogenic metaplasia of the tendon have both been proposed [83, 84] . Uhthoff [83] has additionally suggested a cell-mediated process, which is essentially self-limiting.
It has more recently been suggested that the greatest amount of calcified tissue occurs at the insertion of the tendon and is related to the degree of force transmitted through the tendon [85] . There is more recent evidence from both animal [86] and human studies [87] that endochondral ossification of the tendon is important in the aetiology of this condition. However, the aetiology of this condition remains obscure and more research in this area is required.
Why are specific tendons prone to pathology? Do these theories help to explain why certain tendons are particularly susceptible to degenerative change?
The rotator cuff and supraspinatus tendon Degeneration of the rotator cuff increases with age, as does the size of rotator cuff tears [88, 89] . However, the supraspinatus tendon is particularly vulnerable to degenerative change, particularly in the elderly [90] . Several theories have been proposed to account for this although the subject is still controversial, particularly in terms of which factors are primary and which are secondary [91] .
Codman [92] suggested the presence of a 'critical zone' of relative avascularity close to the point of insertion of the supraspinatus tendon. This may be affected by the position of the shoulder [93] and increase with age [94] . However, this theory has been criticized. It has been suggested that infraspinatus as well as supraspinatus have a watershed area of vascularity close to their humeral insertions suggesting that factors other than vascularity are important [95] . It has also been argued that a poor blood supply may be a result of, and not the cause of, an injury [96] .
Neer [97] proposed impingement of the rotator cuff, and supraspinatus in particular, as being central to its pathology. Impingement occurs, for example, in forward flexion when the anterior margin of the acromion 'impinges' upon the supraspinatus tendon. This theory provides the rationale for the surgical procedure of decompression of the subacromial space in order to relieve the impingement.
Acromial morphology has also been linked to supraspinatus pathology. Three types of acromial shape have been described [98] , types I (flat), II (curved) and III (hooked) with type III associated with a much higher incidence of cuff tear. However, the usefulness of this study has been questioned both because of poor interobserver reliability on identification of acromion type [99] and acromion shape being possibly an age-related finding [100] .
The vascular and impingement theories are not, however, mutually exclusive. It is possible, therefore, that the high incidence of supraspinatus pathology is the result of impingement in and around a critical zone of vascular supply [101] .
The Achilles tendon
Although the Achilles tendon is the strongest in the body it is commonly injured. In normal walking, forces of 2.5 times the body weight act on the tendon [102] and considerably larger forces act during running (estimates vary between 6 and 12 times body weight) [103, 104] .
The interaction between the foot and shoe may also have an impact on the forces acting on the muscles around the foot. Komi and co-workers [105] have shown that increased pronation can result in increased electromyography (EMG) amplitude in the extensor muscles and decreased EMG amplitude in the flexor muscles. A varus forefoot has also been associated with Achilles tendinopathy [106] . However, there is a lack of evidence to confirm benefit from the use of orthoses or heel wedges in Achilles tendinopathy.
There is a growing body of evidence to suggest that functional overload is an important risk factor. In an US study of a physically active asymptomatic military population (126 subjects) there was a significant correlation between both hypoechoic area and increased cross-sectional diameter (both indicators of degenerative tendon disease) and years in sport [35] . In a study of elite football players, asymptomatic degenerative changes were a common finding in both the Achilles and patella tendons [34] . These studies are suggestive of a 'load years' or accumulated microdamage concept as a risk factor for degenerative disease.
Other established risk factors for Achilles tendon rupture include quinolone antibiotics [107] , particularly in the over 60 yr age group and in those with concurrent oral corticosteroid use [108] . Additionally there is the association between local injection of corticosteroid and tendon rupture (detailed below). The controversy regarding a possible hypovascular area and the significance of this has already been highlighted [62] [63] [64] .
The tibialis posterior tendon
A further tendon commonly affected by degenerative pathology is the tibialis posterior tendon, the primary dynamic stabilizer of the medial longitudinal arch. Dysfunction of this tendon is a common cause of an adult-acquired flat foot deformity [109] [110] [111] . Middle-aged women are commonly affected and numerous risk factors have been identified including increasing age, pes planus, hypertension, diabetes mellitus, peritendinous injections and inflammatory arthropathies [112] .
Controversy remains regarding the aetiology of tibialis posterior tendinopathy. It is argued [61] that there are areas of the tendon that are relatively poorly vascularized thus conferring vulnerability, particularly close to the medial malleolus.
Forces acting through this tendon are high and may potentially be influenced by adverse biomechanics; an excessively pronated foot may suggest a mechanical aetiology in some patients [112] .
The patella tendon
Patella tendinopathy is common [113] and occurs particularly in explosive jumping sports, hence its alternative, although less precise description, of jumper's knee [114] . It is believed by many to be a degenerative condition, the result of excessive load bearing and tensile strain [115] .
Although an alternative impingement theory (of the inferior pole of the patella against the patellar tendon during flexion) has been suggested [116] this has been criticized [117] . More recently an adaptive model for lesions of the patella tendon has been proposed which offers some support for the impingement theory, although this adaptive theory is based on compressive forces being present in the proximal patella tendon, which are as yet unconfirmed [118] .
Forces acting through the patella tendon are considerable; it has been calculated that a force of 17 times bodyweight will act on a patella tendon during competitive weightlifting [119] . It is therefore possible that unhelpful biomechanics (such as a large quadriceps or 'Q' angle, external tibial torsion, femoral anteversion or excessive pronation of the feet) may increase forces acting on the patella or result in an uneven load distribution across the tendon but more work is required in this area.
Existing treatments
There are numerous different types of treatment used in the management of tendon disorders and evidence regarding these treatments is summarized below. Unfortunately, few have a strong evidence base. In particular (with the exception of the recent work on eccentric loading) physical therapies, strength deficits, inflexibility and improper equipment had not been studied in a controlled and prospective manner [120] .
Non-steroidal anti-inflammatory drugs
The use of non-steroidal anti-inflammatory drugs (NSAIDs) in the treatment of tendinopathy remains controversial both in the acute stage (where there is debate on whether blocking the acute inflammatory response is helpful or not) and in the chronic stage (where there is little or no inflammatory infiltrate) [121] . NSAIDs do, however, have an analgesic effect possibly independent of the anti-inflammatory action.
A review of the literature [100] found 32 studies on the use of NSAIDs in the treatment of tendinopathy. However, only nine of 32 studies were prospective and placebo controlled. Some pain relief was found in five of the nine controlled studies, but healing of the tendon was not studied.
Animal studies on the use of NSAIDs in tendon injuries have produced conflicting results, with some studies suggesting increased tendon tensile strength [122] [123] [124] whilst a primate study suggested a reduction in breaking point [125] .
Corticosteroid injections
Corticosteroid injections are a commonly administered treatment for tendon disorders. All the usual side-effects of corticosteroids are possible (such as skin atrophy, skin hypopigmentation, postinjection flare of symptoms, infection and possible effects from systemic absorption particularly after multiple injections) [126] . There is also the possible effect on the mechanical integrity of the tendons themselves.
A Cochrane review was published on the role of corticosteroid injections for shoulder pain, which included outcome information for patients with rotator cuff disease specifically [127] . In this group of patients two small studies suggested a small benefit for subacromial steroid injection compared with placebo at 4 weeks. However, the reviewers commented that it was difficult to draw any firm conclusions on the results of five further trials due to varying methodological trial quality and varying results.
A systematic review of corticosteroid injection for tennis elbow found a total of 12 trials suitable for review. Analysis indicated that corticosteroid injection was effective in the short term (2-6 weeks) but that in the long term there was no difference from the control group [128] . Subsequent controlled studies have confirmed a beneficial initial response but failed to show any long-term benefit [129, 130] .
There are several case reports of tendon rupture following corticosteroid injection, particularly involving the Achilles tendon [131] . Ford and DeBender [132] have reported a series of tendon ruptures (including the biceps brachi, Achilles and supraspinatus) following the use of corticosteroid injections.
Some animal studies have suggested that local corticosteroid injection may lead to a reduction in tendon strength [133] , but again this finding is not universal [134] . Given possible concerns relating to tendon integrity post-injection, particularly at the Achilles tendon, some argue that the use of intratendinous injections is contraindicated whilst evidence surrounding peritendinous injections is lacking [135] . Given the paucity of goodquality studies it is impossible to provide high-quality advice [136, 137] , but there is no good evidence to support the use of local corticosteroid injections in chronic tendon lesions [136] .
Physical treatments
Cryotherapy. The use of cryotherapy in the acute injury of a tendon, particularly in sport, is widespread. However, there has been little research performed in this area. Cryotherapy is believed to reduce blood flow and tendon metabolic rate and hence swelling and inflammation in an acute injury [118, 119] .
There is the potential benefit of analgesia, which may help explain the popularity of this treatment.
Therapeutic ultrasound. Therapeutic ultrasound is a common physical treatment for tendon disorders. Ultrasound waves are transmitted from a transducer to a patient via a coupling medium (such as a gel). Ultrasound has a thermal effect on tissues, causing local heating, although this may be attenuated by the use of a pulsed (intermittent) process. Despite the popularity of therapeutic ultrasound there is little clinical evidence demonstrating its efficacy [140] [141] [142] .
Laser. A further physical treatment is the use of low-intensity lasers in the treatment of tendon lesions. Trials to date have shown contradictory results and it is therefore not possible to advocate the use of lasers until more data are forthcoming [143] .
Manual therapy techniques
There are several manual therapies popular in the treatment of tendon disorders, the two most common being friction massage and soft tissue mobilization.
Deep transverse friction massage (DTFM), a treatment made popular by Cyriax, has been the subject of a Cochrane review. There were only two randomized controlled trials of sufficient quality to be included; one on the treatment of extensor carpi radialis tendinopathy (lateral epicondylopathy) and the other on the iliotibial band friction syndrome. In neither trial was DTFM able to show a consistent benefit over the control group for pain, strength or functional status, although the conclusions were limited by small sample sizes [144] .
A second popular technique is of soft tissue mobilization. Mobilization via massage of the area around an injured tendon will stimulate blood supply in the vicinity of the injury and this is thought to promote healing of the affected tendon. However, studies in this area are lacking.
Biomechanical alterations
A common treatment for Achilles tendinopathy is the insertion of a heel pad. There is one small randomized trial of heel pads in the treatment of Achilles tendon disorders. No difference between the heel pad or non-heel pad group was observed at both 10 days and 2 months [145] .
In lateral epicondylopathy the Cochrane review included five trials of orthotics but found there was insufficient evidence to draw any conclusions [146] .
In tibialis posterior tendon dysfunction an orthotic, which supports the medial longitudinal arch of the foot, is thought to be helpful [112] . It is claimed that a conservative approach including the use of orthotics will produce good results in up to two-thirds of cases with mild disease [147] but controlled trials are lacking in this area.
Emerging treatments
Eccentric training. Recently there has been renewed interest in the use of eccentric training for the treatment of degenerative tendon disorders in general, and of the Achilles tendon in particular. Eccentric loading exercises involve active lengthening of the muscle tendon unit.
Although not new [148, 149] eccentric training or 'loading' regimens have been popularized following successful randomized controlled trials for the treatment of Achilles tendinopathy [150, 151] .
In the Alfredson protocol [150] the patient groups were required to perform exercises on a daily basis for 12 weeks (Fig. 4) . The control group were required to perform concentric exercises (active shortening of the muscle tendon unit). High levels of patient satisfaction were seen in the eccentric loading groups (82%). Similar outcomes have been demonstrated by other research groups [152] .
In subsequent long-term follow-up (mean 3.8 yr) Alfredson and co-workers have confirmed both the initial good results and a statistically significant reduction of tendon thickening (from 8.8 mm average to 7.6 mm average; Fig. 5 ). Doppler evidence showed that neovascularization also resolved in the responders (Fig. 6) [153] .
The success of this treatment this has led to efforts to see whether the results can be extended to other tendon disorders. Two small studies on the use of eccentric exercises in patella tendinopathy have shown some promising results, although the numbers in each group are small and the follow-up duration short [154, 155] . This second study suggested an advantage in using a decline board (raising the heel relative to the toes to increase the eccentric loading), a result that has subsequently been confirmed in a follow-up study [156] .
A further pilot study using eccentric loading in the management of long-standing supraspinatus tendinopathy in patients waiting for surgery has recently been published [157] . Although containing very small patient numbers (nine only) after a 12-week exercise programme five (56%) had improved to the extent that they no longer wanted surgery. the acromioclavicular joint or significant calcification were, however, excluded. Despite these promising results questions remain. Why the programme is successful is uncertain. These programmes require highly motivated people who are also willing to perform multiple repetitions, twice daily, 7 days a week for 12 weeks, and this will not suit all patients. There is the additional concern still that these exercises could worsen the condition, as pain levels increase initially. Also the evidence is confined to tendon body lesions and does not apply to lesions of the muscle tendon junction or of the tendon insertion.
Other drugs, injections and treatments
Numerous other drugs or substances have been used in the treatment of tendon disorders, including heparin, dextrose, sclerosants, calcium gluconate, autologous blood injections and aprotinin. Various claims about the healing nature of the above substances have been made but few stand up to scrutiny.
Extracorporeal shock wave therapy. Extracorporeal shock wave therapy (ESWT) is a technique used in the treatment of tendon disorders, particularly calcific tendinopathy. The treatment is an extension of lithotripsy used in the treatment of renal calculi.
Some studies have suggested a benefit from this treatment for calcifying tendinopathy of the shoulder [158] [159] [160] [161] . There is also some evidence of benefit in chronic heel pain [162] . However, there is little evidence of benefit in other conditions, such as lateral elbow [163] and shoulder pain not due to calcific tendinopathy [164, 165] .
Heparin. Theoretically the injection of heparin, particularly in the acute situation, could lead to reduced adhesions and fibrin exudates. One animal study suggested that heparin injections could lead to improved orientation of collagen fibres and a reduction in cellularity and neovascularization in the tendon [166] . However, a more recent animal study found heparin had a degenerative effect [167] .
Dextrose. There is only one trial on the use of dextrose injections as a treatment for tendinous lesions, although this was not controlled [168] . Proponents of these injections make the remarkable claim that 'growth factors' are released following injection, which results in local tissue proliferation or 'prolotherapy' [169] . In the absence of controlled data no further comment can be made on the efficacy of this treatment.
Aprotinin. Of all the 'alternative' substances available for injection aprotinin has probably become the most popular. Aprotinin is a broad-spectrum protease inhibitor. It is licensed for use in open heart surgery for prophylactic reduction of blood loss [170, 171] .
There are two trials in the literature, both of approximately 100 patients and both using randomized controls. The first study was performed in patients with Achilles tendon disease (principally insertional tendinopathy or paratendinopathy) [172] ; the second on patients with patella tendon disease (predominately insertional tendinopathy or lesions of the main body of the tendon) [173] . Injections were directed to the site of the pathology. Both studies suggested significant benefit from aprotinin injection, although there is a need for further work from other groups to confirm these findings. Proponents of aprotinin suggest that by inhibiting enzymes that break down or degrade tendons this can promote the healing response. Autologous red cell injection. The injection of autologous red cells in and around a symptomatic tendon is sometimes performed, particularly in the field of sports medicine. There is one report in the literature of a small, non-controlled study of injection of autologous blood in the treatment of long-standing lateral elbow pain. No conclusion can be drawn from this study, as there was no control group [174] and thus this technique cannot be recommended.
Sclerosant injections. Alfredson et al. [175] have suggested that the pain in Achilles tendinopathy may be related to the neovascularization. Two very small uncontrolled pilot studies have been published by this group in which a sclerosant agent (polidocanol) was injected around the neovascularization both in mid-portion [176] and insertional Achilles tendinopathy [177] . The injections were effective at reducing levels of pain, presumably as the sclerosant injection was toxic both to the neovascularization and localized sensory nerves. It is probably best to regard this technique as experimental for two reasons: the procedure is practically demanding and the results of controlled trials are awaited. There is also the theoretical risk that in removing the pain associated with tendinopathy there is removal of a protection mechanism against further tendon damage.
Topical glyceryl trinitrate. One group recently studied the effect of topical glyceryl trinitrate in the treatment of various tendinopathies including Achilles, forearm extensor and supraspinatus in double blind, randomized trials. These studies showed improvement in the treatment arms compared with controls at 6 months [178] [179] [180] .
The reasons for the result are uncertain, although the authors speculate that local vasodilatation may lead to an increased local blood supply [178] . These results are yet to be repeated by other groups.
Polysulphated glycosaminoglycans. There are a number of studies, in both the human and the veterinary literature, suggesting that injection of glycosaminoglycan polysulphate (GAGPS) may lead to an improvement in disease of the human Achilles and equine superficial digital flexor tendon, respectively [181] [182] [183] . In the human study, local injection of GAGPS was compared with oral indomethacin and at 1-yr follow-up two-thirds of the GAGPS group had a good response compared with only one-third of the indomethacin-treated group [181] . However, this study was confined to peritendinous lesions rather than lesions of the body of the Achilles and more data are needed in this area.
Summary of current treatments
There are many drawbacks of existing treatments. One principal drawback is that the characteristic response to injury is for fibroplasia to occur, which inevitably leads to scar tissue in the tendon. Although remodelling of the scar tissue occurs over time the subsequent tissue is not normal and, in particular, has less compliance and functionality than the original tendon matrix.
The future
As a result of the deficiencies of current treatment there is great interest in investigating the potential for stem cell therapy in tendon injuries.
There are two main types of stem (progenitor) cells; embryonic (pluripotent but research restrained by ethical considerations) and post-natal. Post-natal stem cells are further subdivided into haematopoietic stem cells (differentiation restricted to haematological cell lineage) and mesenchymal stem cells. Mesenchymal stem cells are able to differentiate into numerous cells including tenocytes, chondroyctes and fibroblasts. They therefore present a potentially exciting alternative in the treatment of tendon lesions.
Small animal models have been developed using mesenchymal stem cells to repair tendon defects. Young et al. [184] used mesenchymal stem cells to promote healing in a collagen matrix subsequently implanted in a rabbit Achilles tendon. Whilst there was healing of the defect, subsequent histology confirmed that the new cells exhibited morphology more similar to fibroblasts that tenocytes.
Subsequently, however, using autologous bone marrow-derived stromal cells, Smith and co-workers [185, 186] have developed a stem cell-based treatment for the management of acute tendon injuries in horses where injuries to the digital flexor tendons have many similarities to injuries of the human Achilles tendon. In this technique the stem cells harvested from bone marrow are expanded in vitro and then implanted under ultrasonographic guidance into the core lesion of the damaged tendon. After implantation the horses enter a controlled exercise programme. Ultrasonographic examination has revealed rapid infilling of the core defect of the animals treated to date (more than 60: Fig. 7 ). There is some early evidence that results using this technique may be superior to conventional treatments, although to confirm these findings a larger clinical trial would be required. Nevertheless these early results are exciting and highlight the potential use of stem cell treatment in the future.
There has also been recent speculation about the possible contribution from both reactive oxygen [187, 188] and reactive nitrogen [189] species in the development of tendinopathy. This raises the possibility that manipulation of reactive oxygen and nitrogen species may enhance tendon healing clinically.
Research into transcription factors, such as scleraxis and sox9, that regulate the determination and differentiation of tendon cells may help us understand the molecular signalling that helps govern tendon development [190] . Gene therapy offers an alternative method for the delivery of proteins to target tissue that has the potential for increased delivery over a longer time interval, although more research is needed to determine the safety and efficacy of these techniques [191] . Additionally, since excessive apoptosis has been described in degenerate tendon tissue this has raised the hope that strategies designed to reduce excessive apoptosis may prove effective in treating tendinopathy [192] .
Furthermore, novel techniques are being developed for studying both tendon function and for determining tendon material properties in vivo. These techniques offer the potential for directly assessing tendon properties rather than inferring them indirectly, and will potentially make it feasible to perform objective clinical trials on the properties of tendons [193, 194] .
Summary
Primary tendon disorders are common and can be difficult to manage successfully. The degenerative nature of these conditions is now well recognized and certain tendons appear particularly prone to this degenerative pathology. Traditional treatments have placed a heavy emphasis on anti-inflammatory strategies, although the evidence base for this approach is unconvincing. If inflammation is present then its presence appears transient.
There are three theories regarding the aetiology of tendinopathy and each has its own strengths and weaknesses. Indeed these three theories are not mutually exclusive and can help explain why certain tendons in particular are so prone to degenerative disease. Our understanding of the pathological processes is improving, and significant advances in imaging, particularly with MRI and ultrasound, aid this. However, many questions regarding the pathological process remain, such as why some tendinopathy is only sometimes painful and what causes the pain.
Whilst there are numerous other treatments currently in use for the treatment of tendinopathy many, unfortunately, have a poor or non-existent evidence base. More high-quality research is needed on these treatments in order to strengthen the evidence base and determine which treatments should be retained and which should be dropped.
The recent successful randomized controlled trials on eccentric loading, particularly for chronic mid-portion tendinopathy of the Achilles tendon, has transformed the management of this condition, although the benefit appears confined to mid-substance lesions. Eccentric loading regimens are, however, not suitable for our more frail patients, and require a high level of patient motivation.
A greater appreciation of the degenerative nature of these conditions will hopefully lead to more appropriate new treatments and more rational treatment strategies.
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Key messages
Primary disorders of tendon are degenerative in nature. Tendinitis is not an appropriate term. There is a lack of evidence to support many commonly used treatments including the use of NSAIDs and corticosteroids. Eccentric loading training programmes are providing excellent results in chronic tendinopathy of certain tendons, particularly the Achilles tendon. 
